Atrial fibrillation (AF) is a common arrhythmia that poses a significant risk of stroke. Cross-sectional and casecontrol studies have shown evidence of associations between AF and breast or colorectal cancer, but there have been no longitudinal studies in which this has been assessed. We prospectively examined a cohort of 93,676 postmenopausal women enrolled in the Women's Health Initiative from 1994 to 1998 to determine whether there are relationships between baseline AF and the development of invasive breast or colorectal cancer. The prevalence of self-reported physician diagnosis of AF at baseline was 5.1%. Over approximately 15 years of follow-up, the incidence of invasive breast cancer was 5.7%, and the incidence of colorectal cancer was 1.6%. Adjusted hazard ratios and 95% confidence intervals were obtained using Cox proportional hazards models. We found no significant association between AF and incident colorectal cancer, but we did see a 19% excess risk of invasive breast cancer among those with AF (adjusted hazard ratio (HR) = 1.19, 95% confidence interval (CI): 1.03, 1.38). Additional adjustment for baseline use of cardiac glycosides attenuated the association between AF and invasive breast cancer (HR = 1.01, 95% CI: 0.85, 1.20). Cardiac glycoside use was strongly associated with incident invasive breast cancer (HR = 1.68, 95% CI: 1.33, 2.12) independent of AF and other confounders. Mechanisms of the associations among breast cancer, AF, and cardiac glycosides need further investigation.
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Atrial fibrillation (AF) is the most common clinically significant cardiac arrhythmia. It occurs in approximately 1% of the general population, and the prevalence increases substantially with age to approximately 7% in persons 60-69 years of age and 13% in persons older than 80 years (1) . AF is a significant risk factor for stroke and heart failure. Primarily associated with cardiovascular conditions such as hypertension, coronary artery disease, myocardial infarction, hearth failure, and valvular disease, AF shares some characteristics and co-exists with many noncardiac conditions (2) . Very few data currently exist on possible relationships between AF and malignant diseases.
There have been 2 studies thus far in which investigators have reported a higher risk of AF diagnosis in cancer patients. In 1994, Müller et al. (3) published a case-control study of nonsteroidal antiinflammatory drug treatment among 12,304 veterans with a primary diagnosis of colon cancer; they described as a secondary finding that AF and atrial flutter were associated with an increased occurrence of colon cancer after 5-10 years. More recently, in 2008, Guzzetti et al. (4) reported an at least 2-to 3-fold higher prevalence of AF among subjects with either colorectal or breast cancer cases than among controls who did not have cancer. Several mechanisms for this association have been postulated. For example, inflammation is thought to play a role because of the observed elevation of inflammatory markers in AF and carcinogenesis (5-7). There have been no prospective studies of the relationships of AF with incident cancers.
The Women's Health Initiative (WHI) Observational Study, an ongoing prospective study of 93,676 postmenopausal women with long-term follow-up, addresses the roles of biologic and lifestyle factors in the common causes of morbidity, mortality, and impaired quality of life in postmenopausal women (8) . This study provides an excellent opportunity to examine the prospective associations of AF with breast cancer and colorectal cancer after controlling for potential confounders.
METHODS
The WHI Observational Study, which was sponsored by National Heart, Lung, and Blood Institute, enrolled 93,676 women 50-79 years of age in 40 centers throughout the United States during the years 1994-1998. The study design and baseline characteristics of participants have been described in detail elsewhere (8) . In brief, participants were recruited through mass mailings to voter registration, motor vehicle registration, and commercial lists or were women who did not wish to join or were not eligible for the WHI clinical trials of hormone therapy or dietary modification. Participants completed multiple questionnaires about their physical and mental health and comorbid conditions and had a baseline clinic visit during which they had physical measurements (weight, height, waist-hip measurements, blood pressure) taken and a fasting blood draw. Participants brought in their medications in original pill bottles, and the labels were scanned and entered into a medications database. Three years after the baseline visit, women had another clinic visit, at which time the same measurements were obtained and questionnaires administered. All research activities were approved by the institutional review boards of all involved institutions, and all participants in the WHI provided written informed consent.
Outcomes ascertainment
Annual follow-up was conducted using mailed questionnaires and telephone calls to determine hospitalizations and potential outcome events. When a hospitalization occurred, medical records were obtained from the hospital and outside providers. Outcomes packets were then prepared for adjudication of events by local study physicians and subsequently sent to the WHI coordinating center in Seattle, Washington, for central adjudication and coding of breast cancer stage, size, nodal status, grade, histology, and estrogen receptor and progesterone receptor status. Of the 93,676 women in the observational study, 471 (0.5%) had missing data on follow-up time and were excluded from these analyses. Incident breast cancer was defined as no history of any type of breast cancer at baseline, no evidence of in situ breast cancer on follow-up, and a diagnosis of breast cancer (invasive) during follow-up. Similarly, incident colorectal cancer was defined as no history of colorectal cancer at baseline and a diagnosis of colorectal cancer during follow-up.
Definition of AF
In the WHI Observational Study, information on AF was ascertained from annual self-reports of AF diagnosis. One problem in research on AF is that because it may be paroxysmal or intermittent, relying on diagnoses from electrocardiograms (ECGs) results in underestimation of the prevalence. Risks of cerebrovascular events associated with AF are similar for those with persistent or intermittent AF, and many patients who initially present with paroxysmal AF often progress to persistent or more recurrent AF (9) (10) (11) . Further, based on the results of the Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study (12) , self-reported AF is a strong predictor of stroke and can be used interchangeably with an ECG diagnosis of AF in models predicting risk. The sensitivity of ECG diagnosis is lower than that for self-report, but the specificity is higher. Thus, using self-reported histories of physician-diagnosed AF might lead to better estimates of prevalence than using results from individual ECGs. Although only self-reported data are available in the WHI Observational Study, we can draw inferences about the sensitivity of selfreport versus ECG diagnosis from the clinical trial of the WHI, in which there were both ECG and self-reported data on AF. In the clinical trial, the prevalence of AF on baseline ECG was 0.3% (184 of 66,777 women in the clinical trial with nonmissing ECGs). Among those who had an ECG diagnosis of AF, 80.2% self-reported a physician's diagnosis compared with 3.7% of those who did not have AF on baseline ECG, indicating that the vast majority of women with ECGdocumented AF were aware of it. Among 2,589 women who self-reported a diagnosis of AF in the clinical trial, 146 (5.6%) also had a baseline ECG diagnosis of AF compared with 36 of 63,020 (0.06%) of those who did not self-report AF, indicating that a single screening ECG did not capture the large majority of women with AF. In the present study, use of the self-reported physician diagnosis of AF may tend to lead to inclusion of women without AF in the AF group, but it is not likely to include women with AF in the non-AF group, thus providing conservative estimates of relationships.
In order to further reduce potential ascertainment bias, we considered a woman to have AF if she self-reported a physician diagnosis of AF at baseline regardless of her self-reports on follow-up questionnaires. We considered a woman to be in the no-AF group if she did not report AF at baseline and did not report it at any of the follow-up visits/questionnaires. Those with missing responses to the AF question (n = 1,531) and those who did not report AF at baseline but did report it in 1 of the follow-up visits (n = 5,628) were excluded from all analyses, resulting in a total sample size of 86,046 women with valid AF data.
Statistical analysis
Comparisons of baseline characteristics between women with and without AF, between with incident invasive breast cancer and those with no breast cancer, and between women with incident colorectal cancer and those with no colorectal cancer were done using χ 2 tests for categorical variables and Student's t test for continuous variables. Cox proportional Table continues 374 Wassertheil-Smoller et al. hazards models were run to obtain hazard ratios and 95% confidence intervals for the associations of self-reported AF with incident invasive breast cancer and colorectal cancer.
Variables that were associated with both AF prevalence and incident invasive breast cancer were considered potential confounders in breast cancer regression analyses and were used as adjustment factors. Similarly, variables associated with both AF prevalence and incident colorectal cancer were used as adjustment variables in analyses pertaining to colorectal cancer. For the outcome of invasive breast cancer, parity and age at first birth were both potential confounders; however, because of collinearity, only one could be retained in multivariable analyses. Serial adjustment for either parity or age at first birth resulted in similar estimates of risk, so we report models adjusted for parity because parity data were missing for fewer participants. Patients with a history of breast cancer at baseline or a missing response to that question (n = 5,400), as well as those who were diagnosed with in situ breast cancer (n = 1,016) or whose type of breast cancer was unknown (n = 43), were excluded from the breast cancer analyses, and patients with a history of colorectal cancer or missing data at baseline (n = 1,338) were excluded from the colorectal cancer analyses. For both outcomes separately, we ran Cox regression models that were unadjusted, adjusted for age and race, and adjusted for age, race, and cancer-specific potential confounders. Missing data were minimal (<1.8%) for all adjustment variables except for age at menopause and income, which were missing on approximately 7%-10% of the sample. However, estimates from unadjusted and minimally adjusted models were virtually identical regardless of whether complete case analysis for the fullest model was applied or not; therefore, we report results from all models restricted to participants with complete covariate data based on the fullest adjustment to allow for direct comparison of estimates from unadjusted to adjusted models. We also conducted several sensitivity analyses in which we excluded women who self-reported congestive heart failure at baseline (for both invasive breast cancer and colorectal cancer); evaluated AF and cardiac glycoside use as time-varying variables in models in which invasive breast cancer was the outcome; and stratified models of invasive breast cancer by estrogen receptor status. In the time-varying analyses, we incorporated information about self-reported AF and cardiac glycoside use at baseline and at year 3. There was no evidence of violations of the assumption of proportional hazards in any of the regression models reported. All reported P values are 2-sided, and P < 0.05 was considered statistically significant. Statistical analyses were conducted with STATA, version 14 (StataCorp LP, College Station, Texas).
RESULTS
The prevalence of self-reported physician diagnosis of AF at baseline in the analytic sample was 5.1% (4,376 of 86,046). The incidence of invasive breast cancer during follow-up was 5.7% (4,497 of 79,587). Median follow-up time for breast cancer analyses was 15.3 years (interquartile range, 8.1-17.1). The incidence of colorectal cancer was 1.6% (1,373 of 84,708), with a median follow-up time of 15.9 years (interquartile range, 8.5-17.4). Tables 1-3 compare baseline characteristics of participants with AF, breast cancer, or colorectal cancer with characteristics of those without these conditions. Because of the large numbers, many (but not all) baseline variables were statistically significantly different among the AF, breast cancer, and colorectal cancer groups.
Women with AF at baseline had a significantly higher risk of invasive breast cancer (hazard ratio (HR) = 1.23, 95% confidence interval (CI): 1.06, 1.42) in unadjusted analyses (Table 4 ). The excess risk remained after adjustment for age and race (HR = 1.19, 95% CI: 1.03, 1.37) and further adjustment for educational level, income, marital status, physical activity level, parity, age at menopause, hormone therapy use, hysterectomy, diabetes, and history of cardiovascular disease (myocardial infarction, stroke, transient ischemic attack, angina, or revascularization) (HR = 1.19, 95% CI: 1.03, 1.38). Use of warfarin, anti-arrhythmic drugs, We further investigated the association of AF with breast cancer in relation to cardiac glycoside use by categorizing women into 4 mutually exclusive groups based on their selfreported baseline AF status and self-reported cardiac glycoside medication use at baseline. Compared with women who did not have AF and were not taking cardiac glycosides, women with AF who were not taking cardiac glycosides did not have a higher risk of breast cancer (HR = 1.01, 95% CI: 0.85, 1.20) in adjusted analyses (Table 5) . Women taking cardiac glycosides at baseline, regardless of whether they reported AF or no AF at baseline, had a significantly increased risk of breast cancer on follow-up (for AF, HR = 1.70, 95% CI: 1.35, 2.13; for no AF, HR = 1.69, 95% CI: 1.13, 2.50) Similar results were found for both outcomes in sensitivity analysis in which we restricted the sample to those without prevalent congestive heart failure (n = 663 for breast cancer analyses and n = 779 for colorectal cancer analyses; data not shown). AF was associated with an increased risk of breast cancer that was attenuated after adjustment for cardiac glycoside use, and no significant difference in risk was seen for colorectal cancer in adjusted or unadjusted analyses.
In analyses of invasive breast cancer in which both AF and cardiac glycoside use were treated as time-varying variables, the results were similar. Findings for women with estrogen receptor-positive tumors (n = 2,994) were similar to those for women with all types of invasive breast cancer. There were only 511 women with estrogen receptor-negative tumors, so the nonsignificant findings in that group may reflect low power. The remainder of the breast cancer case patients had missing assays.
DISCUSSION
In a large prospective study of postmenopausal women 50-79 years of age, we found that AF in older women was associated with a 19% higher risk of incident breast cancer after adjustment for multiple variables; however, this association was explained by use of cardiac glycosides at baseline. In our study, there was no relationship between AF and colorectal cancer incidence.
Studies of AF can be challenging because AF can be paroxysmal (self-terminating), persistent (sustained greater than 7 days), or permanent (typically greater than 1 year and when cardioversion has failed or is foregone). For the purposes of our study, we considered self-reported clinical diagnoses of AF to provide a more relevant estimate of the true prevalence of all types of AF than a 1-time ECG diagnosis. In a retrospective case-control study by Guzzetti et al. (4) in which AF was determined using a presurgical ECG, the authors observed a prevalence of AF that was at least 2 times higher in both patients with breast cancer and those with colorectal cancer than in control subjects, which raises the interesting question of whether AF precedes or follows cancers. Analyses of our data suggest that there is no association of incidence of breast cancer or colorectal cancer following a baseline diagnosis of AF after controlling for important confounders.
Although our results indicated a higher risk of breast cancer in women with prevalent AF even after adjustment for age, race, and cardiovascular comorbid conditions or risk factors for heart diseases, further adjustment for use of Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; CHF, congestive heart failure; CVD, cardiovascular disease; SD, standard deviation.
a Subgroup totals may not sum to the column total because of missing data. b Weight (kg)/height (m) Table continues 380 Wassertheil-Smoller et al. Atrial Fibrillation, Breast and Colorectal Cancers 381 Abbreviations: CI, confidence interval; HR, hazard ratio. a The invasive breast cancer model was adjusted for baseline characteristics that were associated with both atrial fibrillation prevalence and incident breast cancer: age, race, educational level, income, marital status, physical activity level, parity, age at menopause, hormone therapy use, hysterectomy, diabetes, and history of cardiovascular disease (myocardial infarction, stroke, transient ischemic attack, angina, or revascularization). The colorectal cancer model was adjusted for baseline characteristics that were associated with both atrial fibrillation prevalence and incident colorectal cancer: age, race, income, marital status, physical activity level, parity, hormone therapy use, hypertension, diabetes, resting pulse rate, and history of cardiovascular disease (myocardial infarction, stroke, transient ischemic attack, angina, or revascularization).
b The median follow-up time was 15.3 years. c The median follow-up time was 15.9 years. In the invasive breast cancer model, potential confounders were those baseline characteristics that were associated with both atrial fibrillation prevalence and incident breast cancer: educational level, income, marital status, physical activity level, parity, age at menopause, hormone therapy use, hysterectomy, diabetes, and history of cardiovascular disease (myocardial infarction, stroke, transient ischemic attack, angina, or revascularization). In the colorectal cancer model, potential confounders were baseline characteristics that were associated with both atrial fibrillation prevalence and incident colorectal cancer: income, marital status, physical activity level, parity, hormone therapy use, hypertension, diabetes, resting pulse rate, and history of cardiovascular disease (myocardial infarction, stroke, transient ischemic attack, angina or revascularization). cardiac glycosides resulted in an attenuation of that risk, indicating that cardiac glycoside use is a partial mediator because cardiac glycosides may be prescribed for AF. However, it is also a confounder because not all AF is treated with glycosides. In our sample, 28% of those with AF at baseline were taking cardiac glycosides compared with 0.6% of those without AF. Thus, the excess risk of breast cancer observed with AF is explained by use of cardiac glycosides. The significant association of cardiac glycosides with incident breast cancer in our cohort is consistent with other research (13) (14) (15) . However, it is also possible that other factors associated with use of cardiac glycosides result in a bias by indication. Our results also differ from those from a study by Mül-ler et al. (3) in which the authors showed a positive association of AF and atrial flutter with increased occurrence of colon cancer after 5-10 years. The authors examined discharge International Classification of Diseases codes to determine the frequency of individual diseases preceding colon cancer in the patient population. Although our sample population had a lower number of incident cases of colorectal cancer (n = 1,373) than did the population in the study by Müller et al. (n = 12,304), the latter study was a retrospective review of patient treatment files and discharge diagnoses. The authors indicated that although AF and atrial flutter did not represent any known risk factor, the usage of anticoagulants, such as warfarin or heparin, for the treatment of these arrhythmias may lead to chronic gastrointestinal bleeding and may be a possible mechanism for the association.
In conclusion, cardiac glycoside use was associated with a 68% higher risk of breast cancer. The association of risk of breast cancer with AF at baseline in postmenopausal women is explained by the use of cardiac glycosides. There was no association of AF with colorectal cancer incidence.
